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STAN Tool

Systematic Large Signal Stability Analysis
technigue for multi-transistor RF Circuit
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Oscillations in RF Power Amplifiers

RF Power Amplifiers are prone to (unwanted!) oscillations

glow frequency : Typicol ones:.
oscnlatlon :
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% f / OSC,"at,on - Iow—frequ.ency oscillations, often
= A W e et | linked to bias networks, can be
3 detected using small-signal
& o simulations
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8 - parametric oscillations function
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of the input drive signal, have to
be detected in large signal
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Existing Methods

Output power (dBm)
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Linear analysis “small signal”
— K factor

—  Normalized Determinant
Function (NDF)

— Stability envelope

Non-linear analysis “large
signal”

oo e — Nyquist criterion
0 200 400 600 800 1000 1200 1400 16C
Frequency (VH2) —  NDF
— Bolcato, Di Paolo & Leuzz,
Mochizuki, ...
i 11

Either not complete or too complex ! . | D Engineering
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Existing Methods

4

Linear analysis

Widely used: K factor (also y and yu’ now)

- K>1 & |A| <1: unconditional stability of two port
network

- K<1: conditional stability = stability circles

\ @ ‘

&

Unconditional Conditional Unconditional
stability stability instability

Limitations:

Only indicates that a stable circuit will continue to be stable when loading
it with passive external loads at the input or output

Do not guarantee the internal stability of the circuit |
+ "™ AMCAD Engineering
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_Existing Methods

Linear analysis

Potentially instable architectures for which K factor is
Nnot enough (> see Application Note)

Multi-stage power amplifier Multi-fingers transistor

ouT
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STAN Tool

Pole-Zero Identification . ., CAD Tool
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STAN Tool

Key Elements
Suitable for both linear and non-linear stability

analysis
Very easy to use
Very easy to analyze results
Notion of “stability margin”

Oscillation mode knowledge -> Help to find the

suitable stabilization strategy

Parametric Analysis implemented

Monte-Carlo Analysis ,
(+ "™ AMCAD Engineering
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Combining STAN with CAD tools

Keysight ADS

Design Kit of Templates is

OVG ”O ble Schematic Design Templates

-
STAN_AC_MonteCarlo
STAN_AC_multinodes
STAN_AC Vprobe

m

File Edit Select View []nsert Options  Tools Layout Simulate  Wir

STAN_HB
|‘ Eal= [g] = [;.P Template... STAN_HE_MonteCarlo
. Wire Chrle W STAN_HB_multinode
STAN_HBE_param
& Wire/Pin Label... 3GPPFDD_BS_RX test
Global Node 3GPPFDD_BS_TX_test
3GPPFDD_RF_PAE_test
Component D 3GPPFDD_UE_RX test
Or  Port 3GPPFDD_UE_TX test
4  GROUND BIT_curve_tracer
i
E VAR :nnuplﬂcnﬂncn;l'—r . -

Note: Double dick or choose "0K™ to insert.

- AC simulation for small-signall
stability analysis o J[ conl J[ b |

- HB simulation (mixer-mode) for
large-signal stability analysis ‘+ ™ AMCAD Engineering
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Combining STAN with CAD tools

Keysight ADS

Step 2:
Set parameters

for the simulation

Perturbation
introduction node

YOUR CIRCUIT

‘/Start sweep frequency

~=—— Stop sweep frequency

~ Number of frequency points

SRC

“ lac=polar(0.001,0) mA

Freg=freq

Step 1:
Connect the

probe from the
template to a
node of your
circuit

Step 3.
Run simulation

AC MeasEgn

Act = meast DisplayTemplat

Start=fstart HO=v sond/l_sond.i di's;:;;r” e

Stop=fend b "

Dec=n_point_dec STAN_display

Small-Signal stability analysis template N . .
o " NAMCAD Engineering
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Combining STAN with CAD tools

Keysight ADS

Step 4.
- results a

e 80

- Export t o
freq mag(HO) phase(HO) Z w0
1.000 MHz 10.137 8.474 = B
1.008 MHz 10.139 8.539
1.015 MHz 10.141 8.604 204
1.023 MHz 10.143 8.670 g
1.031 MHz 10.145 8.736
1.039 MHz 10.147 8.803 L e B B
1.047 MHz 10.149 8.870 0 1 2 3 4 5
1.055 MHz 10.151 8.938
1.063 MHz 10.153 9.007 freq, GHz
1.071 M : 9.076
1,080 M Item Options... 9.145
1.088 M Cut Ctrl+X 9.215 roe 200
1.096 M Copy T 9.286 ,
1.105 M 9.357 ]
1,113 My Delete - Del 9.428 100
1122 M Toggle Activation 9.501 = 3
1130 M b 9.573 S ]
113mp AT 9647 g 0]
1.148 M Scroll Data... 9.720 E ~
1.156 M Text 3 9.795 o ]
1.165M 9.870 -100—
1174 M Export v CSV file 7]
1.183 MHZ . R ]
1192 MHz 10,188 || 20—
1.202 MHz 10.191 10.176 0 1 2 3 4 5
1.211 MHz 10.194 10.254
1.220 MHz 10.197 10.332 freq, GHz
1.230 MHz 10.200 10.412
1.239 MHz 10.202 10.491
1.248 MHz 10.205 10.572
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Combining STAN with CAD tools

Keysight ADS

Step 5:

- Open the file in STAN tool and launch the identification

STAN_AC_fullband.txt
STAN_AC_MonteCario_Rg_200hms.txt
STAN_AC_MonteCario_Rg_400hms.txt
STAN_AC sweep_Rg.txt

STAN_AC sweep_Rg_testxt

STAN_AC testat
STAN_HB.ot
STAN_HB_param.txt

STAN_AC.D2
Files of type:  STAN files (*.stan; *.b2)

Frequency Range

D! &
163 = | anr
Order

[Auto -
Phase Tolerance:
Parameters

Identify | [ cancel J

1D 54.98 M8 / 494.93 M8

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
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, Combinirg STAN with CAD tools

Keysight ADS

.
STe Q 6 . File Tools Views Help
Ch k 0 Plug-ins = — 0 x || [l sTAN eox||
ec ‘9 Plug-ins o|| [0een 5 Close All_| [ Home| Graphs | plots| 1.2
[ Visualization = LU STAN_AC.0t Autoscale Frequency axes in Log Simplified Legend
e Toolbox i 0 2.0 Ghz, autor
Modelin "
=) ° Magnitude ) Poles/Zeros
results . e
Scripting 01
- Other = =
4 l' o 5 a0
g = TR =
£ E
© Original Magnitude (All) ]l \v 01
—— Identified Magnitude (All | J | o
et e
3z 55 3 8535 225 S T o o o 3
&3 S 8s° = e 5 5% 2 & 8 8§ § g E S
« i » g S & s 7 8 6 © o s = o
- T(GHz) Re (GHz)
B patas.. 2 —0x%
{ "] i@ Datasources Phase o PhaseError
[x Phase Error (All)
z o ]
= 4 5 0 %
2 o s , 5
g i H x
= 50 — g 0
1o | © Original Phase (A | £
as0] | — an| . i %
33 S 883 2 =:° e es 38 83 s es° e ==
g° 3 3a g° 333
« [ » f{GHz) (GHz)
& Events 2 - 0% || @ Output console a_Ox
B B v il &8
e peerree A 1= 1T & X8 IR =N
|| opened datasources: 0, selected curves: o @ 110.56 M8 / 494.93 M8
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Combining STAN with CAD tools

NI AWR Microwave Office Integrated STAN Wizard in MWQO v 12
I Cree_GaN_10W_PAVI2.emp - NI AWR Design Envronment - [GaN_10w_pA1 L T i TR s e s

ile Edit View Draw Schematic Project Simulate Options Tools Scripts Window -8 %

B“EHL@X\ﬂ“\@a\ﬁ\@lé@\?%&\E@\ﬁ‘&\é!é s TRl SR
; [Project 2 x B GaN_10W_PA sweepRg_ST... | *1GaN_10W_PA_sweepRg | & GaN_10W_PA STAN o
- [ STAB_PROBE :
D N p—
beyen Omsens ID=SP1 B
= :
piiriot TYPE=Current

System Diagrams
Circuit Schematics
[ GaN_10W_PA
[*2 GaN_10W_PA_STAN
[*2 GaN_10W_PA_sweepRg
[ GaN_10W_PA_sweepRg_STAN
33 Netlists
EM Structures
s Output Equations
{m=5 Graphs
@ Optimizer Goals
= Yield Goals
= OQutput Files
[ Data Sets
G Circuit Symbols
[z Simulation Filters
D Switch Lists
B3 Wizards
3Di Import
Amplifier Model Generator
APLAC Schematic Import

D'FFER?,"fT'AL=N° Stability Probe

step 1:
Add stability

probes to your
schematic

|

FF Import
Filter Filter Synthesis

Step 2:
Invoke STAN

@Uanlders o WiZO rd
STAN Wizard '
|3 project [ Elements & Layout =4 Status Window : ®x
‘+ "N AMCAD Engineering
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Combining STAN with CAD tools

14

NI AWR Microwave Office

Stability Analysis Wizard: Select Circuit Schematic

This wizard guides you through the steps that are needed in analyzing the stability of the
selected circuit using the STAN stability analysis. The STAN approach enables nonlinear
stability analysis o the circut stability can be studied for example as a function of swept
power. Each sweep point performs an HB analysis which is followed by a st of small signal
analysis over the chosen frequency band. The data gathered from each stability probe will be
sent to STAN which returns the identified poles and zeros shown in MWO graphs. IVCAD with
STAN and Seripting plugins is needed to analyze the data.

Read more

e SChematic selectio

Select the circuit schematic for Stability Analysis:

Gal_10W_PA I -]

Schematic is using frequencies
[1e+000].

Suivant Annuler

Stability Analysis Wizard: Simulation Settings

Stability Probes

Schematic already has STAB_PROBE element(s) STAB_PROBE.SP1.
Add new STAB_PROBES to the list and connect to named connectors.
The wizard will create measurements for existing STAB_PROBES.

4 3

Simulation Settings

-/ STAN options
MaxOrder 30
FPhaseTolerance 0.1
- Small Signal Test Conditions
Fstart 1GHz
Fstop 10 GHz
Fsteps 10 -

Terminer Annuler

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
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Step 3:

Within STAN wizard

- Set the parameters for
the stability analysis

- Launch the analysis

Node(s)
selection

STAN settings
Frequency range

Drive conditions (small
signal / large signal)

Advanced Modeling for Computer-Aided Design
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Combining STAN with CAD tools

. . Step 4:
NI AWR Microwave Office - Aplac simulation is run —results are

automatically sent to STAN. STAN
processes the data and sends results
back to MWO

— e

- Check the pole/ zero map results
Simulation Jobs il
# |Type ‘State ‘Name ‘Prugm ‘Host ‘
- Simulsting: ‘G 10.. 100 GaNﬁlOWﬁPAﬁSTANiRESULTSisTABiPROI?ELSPI

0.2

O

0.001938 GHz
0.1 0.0593 GHz

Simulation: 2 of 2

o
Simulating: "GaN_10W_PA_sweepRg_STAN" using the APLAC harmonic
Sweep Point: . .
Suoep Progres: , . Oscillation detected
Simulation Progress: £) O‘I‘ 59[3[\/\ HZ
Data: B » STANPoles(STAB_PROBE.SP1)[*] (GHz)
1.00 o} GaN_10W_PA_STAN.AP_HB

0.1 ) STANZeros(STAB_PROBE.SP1)[*] (GHz)
1 . GaN_10W_PA_STAN.AP_HB
Output log E

Warning: Value of (RES!X1_US) < RMin (changed to 10.000u) -
Warning: Value of (RESIX1_U6) < RMin (changed to 10.000u)
Warning: Value of (RES!X1_U10) < RMin (changed to 10.000u)

Warning: Value of (RESIX1_U11) < RMin (changed to 10,000u) 02 £ Y
-0.06 -0.04 -0.02 0 0.01
[Z]Keep this window open when firished. Frequency (GHz)

- =
™ AMCAD Engineering
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STAN Tool

Selecting the Node

Where to connect the probe for STAN analysis ¢

SISO transfer function — exact
pole/zero cancellations are

A 1

o possible

. 1 Pole/zero cancellations are

U S [ - associated with the lack of
ol | ¥ controllability and/ or observability

=1 in the system imag
Oe (10 Ba [ ] {é?l? o, { o
> real

Pole-zero quasi- | -

cancellation
‘+« "™ AMCAD Engineering
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STAN Tool

Physical quasi-cancellations

When part of the circuit dynamics is electrically isolated from the node selected for the

analysis, poles representing this dynamics appear quasi-cancelled by zeroes and the effect
of this dynamics on the transfer function is very slight

Magnitude PolesiZeros

2 e 4 N

32 4 o |

1 1
31 P ] 1
g 30 = 1 1
= 29 % © t T
3 28 - 2 : :
27 4 o \ I

26 * V2

6

I
\/’? | FiGH)

1
Fhaée

Re (GHz)

PhaseError

35

Vout (Iin ’fs ) ~ ZZ =
this node has very low sensitivity to g S \ '
that dynamics (low degree of
observability and/or controllability) e e

+ "™ AMCAD Engineering
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STAN Tool

In multistage Circuits

Example of a three-stage PA exhibiting an
oscillation

Vbias 1 VbiaS_Z Vbias_s

vass

O X
Connecting the probe to a node of the y
39 stage, no instability is detected (we 5 7]
are electrically isolated from where the 2
actual oscillation takes place). 2
O X

Re (GHo) + "™ AMCAD Engineering
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STAN Tool

In multistage Circuits
Example of a three-stage PA exhibiting an

oscillation
Vbias 1 Vbias_z Vbias_3
t t t
™ C
Connecting the probe to a node 4 . .
of the 2nd stage — physical o2
quasi-cancellation (we stil have o
low sensitivity from the T2
observation port) 4
o % R
03 02 01 Re(().GoHZ) 01 02 03 o P AMCAD Engineering
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STAN Tool

In multistage Circuits

Example of a three-stage PA exhibiting an

illati
escillation bias 1 Vbias_z Vbias_3
t t t
. o o] X Connecting the probe to a node of the 1+
2 stage — The oscillation is clearly detected,
S o unstable poles are not quasi-cancelled with
£, nearby zeros (high sensitivity). We can
4 conclude that the origin of the oscillation is
g elx located in the 15t stage
03 02 -01 Re(:gHZ) 01 02 03 gar ,‘”‘—,‘p Engineering
20 Wihout he prior witien comsent of AMCAD engineering-© Amcad 2018 . o oY e Inwheleerinpert erdclosect fo & fnrd party W Advanced Maceling for Cormpater-Alded Desian
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STAN Tool

Odd mode oscillation in combined amplifiers

Oscillation at fy/2 is very common in amplifiers with parallel
power combining structures

o Odd mode
oscillation is not
detected at the

combining
node. Exact
pole-zero
| A — : cancellation
-2.0 -1.5 -1.0 -0.5 0.0 05 1.0
Re x 2me?
<o I% Odd mode
oscillation is
N
clearly detected
v 7\ at the gate of
foPn L the transistors
- B x @ P
= (lin,fs) T35 30 -25 -20 ;i: 10 -05 o.o“:e.;r. o oy AMCAD Engineering
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STAN Tool

Odd mode oscillation in combined amplifiers

15t step: analysis in nodes A, B and D

D, —]
B 58 [TN Oscillati Preferred
. z £ 1 o AlBlD scillation rererre
Q & |Ep— 3 type strategy
= v ] Qz e
Al & 1 |8 _dl.}* B,C
— 5 F = X | X | x| Evenmode
—1 2 R
R % . —o—er3 g L or/and D, E, F,
cla|C = a . |G B
= | o ” = Odd mode in
fo S gy LT st
P L —— o, st stage -
| in 1
L i .
- -1 - X ©dd mode in See next slide
2" stage
Stabilization networks can be optimized using
parametric analysis -> find the best trade-off - | - | - | No oscillation i
between stability and RF performances

"N AMCAD Engineering

W Advanced Modeling for Computer-Aided Design
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STAN Tool

Odd mode oscillation in combined amplifiers

Test of the 4 branches with 4 probes, changing the
phase
D

Odd mode oscillation .
[+--+]or[+-+-]
- Q, oscillates out of

phase with Q,, same for

Qzand Q, |

]
Power
splitter
y’

|7

||—7i‘
e
Power combiner

Power
splitter

AAEA AR

Power combiner

:

i

]
Power
splitter
®)
Power
splitter

=

splitter
lw)
e

T~
: 11-7
|
Power combiner
I

]
Power

|
Power
splitter

Odd mode oscillation
[++--]
- Q, and Q, oscillates out
of phase with Q5 and Q,

f

Power combiner
I

..|_7:<_

0]

]
Power
splitter

|
Power
splitter

"N AMCAD Engineering
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X-band class-E PA

X-band MMIC class-E PA - 0,15um GaN process

When tested in the lab with RF signal, increasing the input power makes
the middle output interbranch resistance to blow up

QNG

@
:

i
i
L

15 g

g,"'\ AMCAD Engineering
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X-band class-E PA

DT — LIp e
= [f T »

]
a0

gl |

DC stability analysis

Two STAN probes connected
to the gate of tfransistor, one
for each stage

Frequency range from 0.1 to
30 GHz

] L]
v ey = yp Vb 0]
Moo 12 ool ] L1k "]

15t stage |
Magnitude Magnitude
| ' 40 © original Magnitude (AN '
35 — - 4 ginal Magnitude (All) d S.I.O e
& Original Magnitude (All) — \dentified Magnitude (All) g
— — Identified Magnitude (All) 7 —_ 304
m 30 i m
= z
= o 0
] L]
E 251 £ 0]
20| °
O— o w0 @m— i - womo o o0 — o -+ O o o - woa =
Sd =] === - ™ gd o o oo - ™
f (GHz) f (GHz)

Perform identification in several sub-bandwidths "™ AMCAD Engineering
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X-band class-E PA

26

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party
without the prior written consent of AMCAD engineering - © Amcad 2018 .

DC stability analysis

Perform parametric analyses (sweeping parameters such as gate
voltage) and focus around the frequencies for which there is a
resonance

PoleslZeros

U.
_ 0.02 4
g’ 0.04
3 .
0.06 5 b4 > X x X
Vg2
Evolution of the poles at 1,5 GHz while sweeping the gate bias
voltage

+ "™ AMCAD Engineering
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X-band class-E PA

Large-signal stability analysis

STAN probe connected to the gate of a fransistor of the first stage, f,,=10GHz and
the input power is swept from 10 to 20dBm, the frequency of the small current
probe is swept from 0.1 to 10.1GHz (with avoiding exact overlap with f,,=10GHz) 2>
no oscillation detected

Same analysis with STAN probe connected to the gate of a transistor of the second
stage - clear instability is detected around f,,=10GHz

Magnitude
451 © Original Magnitude (18.0) PolesfZeros
—— Identified Magnitude (18.0 o x (239
a0l entified Magnitude ( ll 104} = % o o X
=)
=
= 354 g
-] ] —
£ § =
304 b . 1 2 0
Bige, Sac . ,,'=-.‘ ] E
254 . | — ]
f(GHz) -1001 e w a
104 o O e E *
150 *

oo = o mon oo - e
1F1 M j— o . =] =] ! =] s =] :
Identification  results for F,.,=10GHz and == s T 35 =
P. =18dBm e (G2
in— - )
n o™ AMCAD Engineering
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X-band class-E PA

Large-signal stability analysis

Oscillation appears for certain power levels, between ~14 and 17dBm,
Poles/Zeros

10.4 4 X;w

a 1
W
k. X [
= 10.24 % PolesiZeros
== Qo0 (M 0D 00000 100 00 ¢
= 0o
2 g M S OO O ch?xxxx\' 04l XXXX HKXK
E 1 ’ X
E o XX
9.8 - # 50° 021 X
x 0 R . ' X
-
6, N = *X Xy
8.6 el g o 0 KRTTRXR
il =4
———— 2 KO X0 eae X | XX XX X
= ux o uw Lo R w B ) (= N i L T v I o e B v B
o o Nao T oo 2 2 o - o g Mg 02 xx >4
'O T o T a o [=1 [=1 [=1 [=1 X Xxx
Re (GHz) 04 X X
- X
XX X
PO XA )
R EEEEEEEEEEEEEE .
Tzt o4oE s ow ToEE g2 "o EEREET 2 @ o2
Pin
- =
.;.,"'\ AMCAD Engineering
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X-band class-E PA

Detection of the oscillation mode

Test of the 4 branches with 4 probes, changing the

hase
ven mode (++++): unstable poles are quasi-cancelled, there is not an even mode

Odd mode (+-+-): poles are clear and isolated, observability is high, instability can be [+-+-
]Odd mode (++--): again poles are clear and isolated. Instability can also be [++--]

Odd mode (+--+): poles are quasi-cancelled, poor observability. Instability cannot be [+--+]

Instable dynamics involves an odd mode in which fransistors 2 and 3 of the
second stage are out-of-phase

Arriving at P,,=14,7dBm, the signal switches from an even mode to an odd-
mode. We suddenly have signal at f;, in the transistor 2 that is 180-out of
phase with the signal in transistor 3. This means lot of current flowing through
the middle stabilization resistor at fin

. . | 7
-> Coherent with what was observed in the lab! . "™ AMCAD Engineering
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X-band class-E PA

Circuit stabilization

The instability involving transistors 2 and 3 of the second stage, a parallel
resistance between the gates of these two transistors is added

Value of this infter-branch
resistance is swept in order to find
one which can guarantee the
stability of the PA for all the input
range

A value between 25 and 30
Ohms seems to be a good
choice

~ "™ AMCAD Engineering
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X-band class-E PA

Circuit stabilization

The instability involving transistors 2 and 3 of the second stage, a parallel
resistance between the gates of these two transistors is added

Poles/Zeros

0
0,05 | PR 0000k 50006 X .
- o Evolution of the poles
s P s . around 10GHz versus P,
& 0157 with inter-branch
021 stabilization resistance of
- o o o o o Jal o @ o @ 30 Oth
Pin

2nd ryn gave stable PA & Now a commercial product

+ "™ AMCAD Engineering
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'STAN Tool

Performances Optimization

Example: Ku-Band MMIC PA for active space antenna
Stable original circuit

Inter-branch
stabilization
resis’roncesal
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s —E',':_l— “Développement des méthodes
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I'optimisation d'un amplificateur
de puissance spatial.”, PhD Thesis,
February 2011. AD Engineering
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STAN Tool

Performances Optimization
Example: Ku-Band MMIC PA for active space antenna

All stabilization networks removed

resistances J o %
maintained for 4
topological reasgns -~ g :
R E 51
4
-H O b4
P T O 000 002 o
RFin . w, - RF out Re (GHEz)
: 00 .
2.1, Parametric frequency
division /2 instability
& "™ AMCAD Engineering
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] STAN Tool

Performances Optimization

Example: Ku-Band MMIC PA for active space antenna

Optimized version

resistances

maintained for

topological reasons ---
LY

Tm (GHz)

LE ey e

s lo G5 00 05 10 LS
e (GEIz)

RFin RF out
No oscillation detected,

ot s0a especially around F0/2

Stabilization  ,¢*”

resistances

. ™ AMCAD Engineering
34 This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party @ Advanced Modeling for Computer-Aided Design
without the prior written consent of AMCAD engineering - © Amcad 2018 .



[

STAN Tool

Performances Optimization

Example: Ku-Band MMIC PA for active space antenna

Results comparison
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ml3
P =165 dBm
P_ =3346 dBm

m4
P, =15 dBm
P_ 3634 dBm

— Original

— Optimized

mld
P =-15 dBm
Gain = 2085 dB

m7
F =-15 dBm
Gain =23 13 48

a £ 0 15 b
P, (dBm)

This document may not be reproduced, modified, adapted, published, translated, in any way, in whole or in part, or disclosed to a third party

ml6
P, =165 dBm
PAE 4230 %

mi
B, =15 dBm
~— PAE = 4694 3
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B, (dBm)
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Thank you
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